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Amendment to the Claims ; 

This listing of claims replaces all prior versions, and 
listings, of claims in the application: 

1, (Currently Amended) A method, comprising: 
moving a shadow across a three-dimensional scene? 
imaging said moving shadow by separately temporally 

processing the moving shadow and spatially processing the moving 
shadow, the temporal processing determining temporal information 
about the moving shadow and the spatial processing determining 
shadow information associated with information within said 
temporal information; -and- 

determining three dimensional information about the scene 
from both the shadow information and from the temporal 
informatio n; and 

wherein said determining comprise s triangulating to form 
information indicative of points on the thre e-dimensional scene. 

2. (Original) A method as in claim 1, wherein said 
imaging comprises using a camera to obtain an image of the 
moving shadow. 

• 3. (Original) A method as in claim 2, further comprising 
determining a transformation between an image plane of the 
camera and actual plane comprising the three-dimensional scene. 

2 

PAGE 3/29 * RCVD AT 1 1/28J2005 8:57:23 PM [Eastern Standard Time] * SVR:U8PTO-EFXRF-6/24 * DNIS:2738300 * CSID:8586785099 * DURATION (mm-ss): 13-22 



11/28/2005 17:59 FAI 8586785 099 FISH AND RICHARDSON El 004 

Attorney's Docket NO.: Q661B/565001/CIT-3128 



4 . (Cancelled) 

5. (Currently amended) A method ?.s in claim l[4]]l, 
further comprising an initial operation of calibrating a 
position of a light source. 

6. (Currently amended) A method a; 3 in claim [[4]]1, further 
comprising an initial operation of calibrated a position of a 
plane on which the three-dimensional scene is located. 

7 . (Cancelled) 

8. (Previously presented) A method as in claim l, further 
comprising converting said projection into actual shadow 
information. 

9. (Original) A method as in claim 5, wherein said 
calibrating a position of the light source comprises imaging an 
item of known height by defining a position of its shadow, and 
triangulating a position of the light source. 

10. (Currently amended) A method au in claim 1, A method, 
comprising: 
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moving a shadow across a three-dim ensional scene; 

imaging said moving shadow by sepa rately temporally 
processing the moving shadow and spatiall y Processing the moving 
shadow, the temporal processing determining tem poral information 
about the moving shadow and the spatial processing determini ng 
shadow information associated with info rmation within said 
temporal information; 

determining three dimensional info rmation ahout the scene 
from both the shadow information and fr om the temporal 

information; and 

wherein said determining comprises converting information 
into a dual -space representation, and calculating said 
information in said dual space representation- 

11. (Original) A method as in claim 1, wherein said 
determining comprises obtaining images of different edges at 
different locations, and using information about the 
intersection to form three-dimensional information. 

12. (Previously presented) A method comprising: 
obtaining an image of a moving shadow on a three- 
dimensional scene using an image acquisition elements- 
determining a profile of different intensity portions of said 
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moving shadow and using said profile to define an edge of said 
moving shadow; and 

converting said image using additional information, to 
determine actual three dimensional information about the three- 
dimensional scene . 

13. (Original) A method as in claim 12, wherein said 
additional information is a position of a light source. 

14. (Original) A method as in claim 12 , wherein said 
additional information is a position of a reference plane. 

15. (Original) A method as in claim 14, wherein said 
reference plane is a single reference plane, 

16. (Original) A method as in claim 14, wherein said 
additional information about said reference plane includes a 
position of two different reference planes. 

17. (Original) A method as in claim 12, wherein said 
additional information is information about a shadow of unknown 
object of known height. 
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19. (Original) A method as in claim 12, wherein said 
additional information is information from a second light 
source . 

19. (Original) A method as in claim 12, wherein said 
additional information is information from a second shadow. 

20. (Original) A method as in claim 14, further 
comprising a calibration operation that determines a position of 
the reference plane. 

21. (Original) A method as in claim 12, wherein said 
converting comprises converting a projection of the shadow into 
actual shadow information. 

22. (Previously presented) A method as in claim 13 r 
further comprising obtaining an object of known height, 
obtaining as shadow of said object, and using said shadow to 
determine the position of the light source. 

23. (Original) A method as in claim 12, wherein said 
additional information is information which propagates between 
edges of the image . 



6 



PAGE 7/29 * RCVD AT 11/28/2005 8:57:23 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-6I24 * DNIS:273830O * CSID:8586785099 * DURATION (mrn-ss):13-22 



11/28/2005 18: Or FAX 8586785099 



FISH AND RICHARDSON 



i)008 



Attorney's Docket NO-: 0661B/565001/CIT-312B 

24- (Original) A method as in claim 12, wherein said 
shadow is formed by two separate light sources. 

25- (Original) A method as in claim 12, wherein said 
converting comprises defining said shadow as a set of edges e, 
and a set of intersection points pk. 



26, (Currently amended) A method of imaging a three- 
dimensional surface, comprising: 

projecting a moving shadow across the three-dimensional 
surface to [[the]] be imaged; 

extracting temporal information from said moving shadow and 
using said temporal information in a temporal coordinate system 
to determine a plurality of times; 

obtaining an image of the moving shadow in a spatial 
coordinate system at each of the plurality of times; 

wherein each image includes a line of the shadow, in cluding 



a plurality of points p, which represent points P on the three- 
dimensional surface ; 

determining a relationship between the image and the tjhree- 
dimeneional surface at each of the plurality of times; and 

converting said image into information indicative of t|he 
three-dimensional surface. 
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27. (Cancelled) 

28. (Currently amended) A method as in claim [[27]] 26, 
wherein said converting comprises triangulating between a 
reference plane of an imaging object and a reference plane of 
the three-dimensional surface. 

29. (Original) A method as in claim 28, wherein said 
triangulating includes determining a position of a light source, 
and determining a reference plane between said light source and 
a line of the moving shadow, 

30. (Original) A method as in claim 28, wherein said 
converting comprises determining positions of horizontal and 
vertical reference planes, and triangulating using said 
positions . 

31. (Original) A method as in claim 30, wherein said 
determining positions comprises determining positions of at 
least one plane by a calibration operation. 

32. (Previously presented) A method as in claim 29, 
wherein said determining a position oi a light source comprises 
using an object of known height to triangulate a position of a 
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light source, by obtaining a shadow of the object of known 
height . 

33. (Currently amended) A method as in olaim 26, A method 
of imaging a three-dimensional surface, comprising: 

projecting a moving shadow across the three-dimensional 
surface to be imaged ; 

extracting temporal information f com said moving shadow and 
using said temporal information in a temporal coordinate system 
to determine a plurality of times; 

obtaining an image of the moving shadow in a spatial 
coordinate system at each of the plurality of times; 

determining a relationship between the image an d the three- 
dimensional surface at each of the plurality of times; 

converting said image into information indi cative of the 
three-dimensional surface; and 

wherein said converting comprises converting the 
information obtained into dual space, and calculating the values 
obtained in the dual space representation. 

34. (Currently amended) A method ao in claim 26, A method 
of imaging a three-dimensional surface, comprising: 

prelecting a moving shadow across the three-dime nsional 
surface to be imaged; 
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extracting temporal information from said moving shadow and 
using said temporal information in a temporal coo rdinate system 
to determine a plurality of times; 

obtaining an image of the moving shadow in a spatial 
coordinate svBtem at each of the plurality of times; 

determining a relationship between the image and the three- 
dimensional surface at each of the pluca lity of times ; 

converting said image into information indicativ e of the 
three-dimensional surface; and 

wherein said converting comprises determining three- 
dimensional information about three points in the image, and 
determining all other points from said determining three pointB. 



35. (Original) A method as in claim 26, wherein said • 
obtaining comprises using a camera to obtain said image, and 
wherein said converting comprises determining information about 
the camera reference plane, and conveiting said image using said 
information about the camera reference plane. 

36. (Previously presented) An apparatus comprising: 

a camera, obtaining an imagu of a scene, and producing 
a signal indicative thereof; and 

a processor, processing said image to determine a 
moving shadow in the image, and to determine three-dimensional 
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information about the scene represented by the image, by 
determining temporal information about the moving shadow in a 
temporal coordinate system and determining shadow information in 
a spatial coordinate system and equalizing the temporal 
information and the shadow information to refer to the same 
points . 

37. (Currently amended) An apparatuo aa in claim 3G> - An 

apparatus comprising: 

a camera, obtaining an image of a sc ene, and producing_a 

signal indicative thereof; and 

a processor, processing said image to determine a moving 
shadow in the image, and to det ermine three-dimensional 
information about the scene represented by th e image, by 
determining temporal information about the moving shadow in a 
temporal coordinate system and determini ng shadow information in 
a spatial coordinate system an d equalizing the temporal 
information and the shadow information to refer to the same 
points ,- and 

wherein said processor carries out an operation to 
determine information in two orthogonal shadow planes, and 
determining a position of a light source automatically from said 
information in said two orthogonal shadow planes. 
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39. (Original) An apparatus as in claim 36 , further 
comprising a memory, associated with said processor, storing 
information obtained from camera calibration. 

39. (Original) Ail apparatus as in claim 38, wherein said 
information stored in said memory comprises ground plane 
information. 

40. (Original) An apparatus as in claim 38, wherein said 
memory also stores information indicative of a length of a 
device used to produce said moving shadow. 

41. (Original) An apparatus as in claim 38, wherein said 
memory also stores information about a profile of brightness 
intensity. 

42. (Original) An apparatus as in claim 38, wherein said 
memory also stores information about a threshold of brightness 
intensity. 

43. (Original) An apparatus as in claim 38 , wherein said 
memory stores information about a location of a light source. 
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44 . (currently amended) An apparatuo as in claim 3 8 » An 
a pparatus comprising: 

a camera, obtaining an image of a scene, and p roducing 

a signal indicative thereof; and 

a processor, processing said image to determine _a 

moving shadow in the image, and to determine thr ee-dimensional 
information about the scene represented by the image, by 
determining temporal information about the moving s hadow in a 
temporal coordinate system and determining shadow inform ation in 
a spatial coordinate system and equali zing the temporal 
information and the shadow information to refer to the same 
points ? 

further comprising a memory; associated with said 
processor, storing information obtained from came ra calibration; 
and 

wherein said memory does not store information about a 
location of the light source, and wherein said processor carries 
out an operation to determine information about shadows in two 
orthogonal shadow planes. 

45. (Original) An apparatus as in claim 42, wherein said 
processor processes only pixels of thft image which have 
intensity values greater than said specified threshold. 
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46. (Previously presented) An apparatus as in claim 38, 
wherein said processor uses said information in the memory to 
transform between an image plane of said camera and an actual 
plane comprising the three-dimensional scene. 

47. (currently amended) A computer- readable storage 
medium, including instructions in machine readable form, which-r 
whear- are e xecuted by a general purpose m achine, including 
i-hwfltinnfl to the set of instruction s comprising instructions 

to : 

detect a movement of the shadow in a sequence of two- 
dimensional images, across the three-dimensional scene; and 

use calibration information to determine information about 
the actual plane of the three-dimensional scene based on the 
transformation between the image plane of the device acquiring 
the two-dimensional image, and the three-dimensional scene, 
wherein said instructions include instructions to determine 
information in two orthogonal shadow planes, and to determine a 
position of a light source automatically from said information 
in said two orthogonal shadow planes. 



48. (Cancelled) 
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49. (Original) A medium as in claim 47, wherein said 
instructions include instructions to automatically determine a 
position of the light source from the information in said image. 

50. (Original) A medium as in claim 47, wherein said 
calibration information includes information indicative of a 
position of a ground plane . 

51. (Original) A medium as in claim 47, wherein said 
calibration information includes information indicative of a 
length of a device being used to produce said moving shadow. 

52. (Original) A medium as in claim 47, further 
con^rising instructions to determine a threshold of intensity 
values and accept parts of said image when they are. greater than 
said threshold. 

53. (Previously Presented) A method, comprising; 
moving a shadow across a three-dimensional scenes- 
imaging said moving shadow by determining temporal 

information about the moving shadow and determining shadow 
information associated with times within said temporal 
information; and 
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determining three dimensional information about the scene 
from the shadow information and from the temporal information, 
wherein said imaging further comprises determining a profile of 
the shadow image as it moves, that includes at least intensity 
information about different parts of the moving shadow image, 
and determining an edge of the shadow Image by determining a 
profile of said shadow and using said profile to determine an 
edge of said shadow. 

54, (Previously presented) A method as in claim 53, 
wherein said determining the profile comprises determining both 
spatial information and time information of the profile, and 
said determining an edge of the shadow uses both said spatial 
and temporal information. 

55. (Previously Presented) A method, comprising: 
moving a shadow across a three-dimensional scene/ 
imaging said moving shadow by determining temporal 

information about the moving shadow and determining shadow 
information associated with times within said temporal 
information; and 

determining three dimensional information about the scene 
from the shadow information and from the temporal information, 
wherein said determining the profile comprises determining mean 
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values between shadow parts of the image and non- shadow parts of 
the image, and using said mean values to determine zero crossing 
points . 

56. (Currently amended) A method aa in olaim 1^ A method/ 
comprising: 

moving a shadow across a three-dimensional scene; 

imaging said moving shadow by separately temporally 
processing the moving shadow and spatially processing the moving 
shadow, the temporal processing determining temporal information 
about the moving shadow and the spatial processing determining 
shadow information associated with information within said 
temporal information; 

determining three dimensional information about the scene 
from both the shadow information and from the temporal 
information; and 

wherein said determining comprises calculating values in 
dual space* 

57. (Previously presented) A method as in claim 12, 
wherein said determining the profile comprises determining both 
spatial information and temporal information of the profile, and 
said determining an edge of the shadow uses both said spatial 
and temporal information. 
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58, (Previously Presented) A method comprising: 
obtaining an image of a moving shadow on a three- 
dimensional scene using an image acquisition element; 
determining a profile of different intensity portions of said 
moving shadow and using said profile to define an edge of said 
moving shadow; and 

converting said image using additional information, to 
determine actual three dimensional information about the three- 
dimensional scene, wherein said determining the profile 
comprises determining both spatial information and temporal 
information of the profile, and said determining an edge of the 
shadow uses both said spatial and temporal information, wherein 
said determining the profile comprises determining mean values 
between shadow parts of the image and non-shadow parts of the 
image, and using said mean values to determine zero crossing 
points . 

59, {Previously Presented) A method as in claim 12, 
wherein said converting comprises calculating values in dual 
space • 

60, (Previously Presented) A method as in claim 12, 
wherein said converting comprises determining both temporal 
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information about the moving shadow and shadow information about 
the moving shadow at times based on information within said 
temporal information, and determining said three-dimensional 
information based on both the shadow information and the 
temporal information by determining shadow information at each 
of a plurality of times - 

61. (Previously Presented) An apparatus as in claim 3 6 , 
wherein said processor also operates to determine a profile of 
the shadow as it moves, and to determine an edge of the shadow 
by using' information from said profile. 

62. (Previously Presented) An apparatus as in claim SI, 
wherein said processor determines both spatial and temporal 
information about the profile and determines the edge of the 
shadow using both said spatial and temporal information. 

63. (Previously Presented) A medium as in claim 47, 
wherein said instructions further comprising instructions to 
determine a profile of the shadow image as it moves, including 
at least intensity information about the moving shadow, and 
using information in the profile to determine an edge of said 
shadow . 
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64. (Previously Presented) A medium as in claim 63 , 
wherein said profile also includes temporal information, and 
both said intensity information and said temporal information 
are ue ed to determine said edge of said shadow. 

65. (Previously presented) A method as in claim l, further 
comprising thresholding the temporal processing and the spatial 
processing to make both refer to the same points . 

66. (Previously presented) A method as in claim 26, 
further comprising equalizing information from the temporal 
coordinate system and the spatial coordinates system using 
thresholds. 
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